Introduction Sublingual fentanyl tablets (SFTs) have been shown to be a safe and effective option in controlling breakthrough cancer pain (BTcP). However, further examination is required to investigate the use of SFTs among the elderly. The aim of this study was to examine the influence of age in BTcP management with SFTs in the elderly population. Methods We performed subgroup analyses of a recently completed trial in two subsets of individuals: patients aged 65-74 years (low age group) and patients ≥ 75 years (high age group). Pain intensity (PI), onset of pain relief, frequency and duration of BTcP episodes, and adverse events (AEs) were assessed at 3, 7, 15, and 30 days. Health status instruments used were the Hospital Anxiety and Depression Scale (HADS-A and HADS-D) and the Short Form 12, version 2 (SF-12v2) questionnaire. Results Levels of PI at the end of the study improved significantly as compared with baseline in both the low and the high age groups (30.0% and 27.7% reduction, respectively). The onset of analgesia at the end of the study began in < 10 min in 85.0% of young-old subjects and in 62.5% of patients ≥ 75 years, but no significant differences were found. BTcP episodes lasted < 15 min in 75.0% of patients in the low age group and 58.3% in the high age group (p = 0.24). Most of patients in both groups experienced one to five BTcP daily episodes, at all assessment points. HADS-D decreased from 10.78 (± 4.33) to 8.21 (± 3.57) in the low age group, and from 10.96 (± 4.26) to 9.36 (± 3.35) in the high age group (p = 0.02). Significant differences in HADS-A scores from baseline to the end of the study were also observed in both subgroups (p < 0.05). Patients in the low age group had less favorable mental component summary (MCS) and physical component summary (PCS) scores than patients in the high age group. At the end of the study, 10.0% of young-old patients and 29.2% of patients aged ≥ 75 years reported AEs related to their treatment. The most commonly reported AEs included nausea, vomiting, constipation, somnolence, and skin disorders and they were generally mild to moderate in severity. Conclusions The results of this study showed that SFTs provided safe and clinically meaningful pain relief in both elderly subgroups. Clinical implications of these findings await validation in large, confirmatory studies to identify age subgroup divergences among elderly cancer patients treated with SFTs.
Introduction
The aging of the population and the increase in cancer incidence among the elderly has become a major public health concern in Western countries. However, despite the rapid growth of the geriatric oncology population, older patients are underrepresented in cancer clinical trials and their pain is poorly managed [1] [2] [3] [4] .
Cancer pain prevalence rates are over 50% for patients subjected to treatment and about 75% for patients with advanced, metastatic, or terminal disease [5] . Optimal pain control requires the use of an analgesic (around-the-clock dosing) for persistent background pain and supplemental doses for transitory exacerbations of pain, commonly defined as breakthrough cancer pain (BTcP) [6, 7] . Usually, BTcP episodes are characterized as rapid in onset and being of moderate to severe intensity, but of brief duration [8] . Prevalence rates indicate that at least one of two patients with cancer pain also experiences BTcP [9] , which is associated with poorer functional status and negative psychological consequences when uncontrolled [10] . Therefore, it is fundamental to choose pharmacological strategies with rapid onset of action, short-lasting effect, minimum side effects, and easy administration to control BTcP and its impact on patients' quality of life (QoL) [11] .
Sublingual fentanyl tablets (SFTs) are a fast-acting form of fentanyl, a potent and strongly lipophilic opioid, which provide a noninvasive mechanism for immediate drug absorption through the sublingual mucosa, avoiding the gastrointestinal tract and first pass hepatic metabolism [12] [13] [14] . SFTs have been shown to be a safe and effective option in controlling BTcP as well as improving QoL in cancer patients of all ages [15] [16] [17] [18] [19] . Nonetheless, further examination is required to investigate the within-group variation of the effect of SFTs in the aging population.
It is well known that geriatric patients can respond differently from younger patients to drug therapy, since agerelated physiological changes can affect pharmacokinetics and pharmacodynamics of the drug [20] . Older adults also have a greater risk for drug-related toxicities and drug-drug interactions because of the use of multiple medications [21] . Polypharmacy is recognized as an increasingly serious problem in the management of elderly patients with cancer, and requires balancing the risks and benefits of multiple drug therapies. Moreover, as individuals age, they become more heterogeneous in terms of physiology and morbidity as a consequence of their previous lifestyle, environmental exposure, and genetic composition [22] , resulting in a less predictable response to medications [23, 24] .
Traditionally, old age was defined as the chronological age of 65 years or more, but with increasing life expectancy, it has been necessary to categorize elderly adults according to age to properly investigate geriatric differences. Although there are various ways to classify this population, the elderly can be stratified into three life-stage subgroups: the young-old (aged 65-74), the middle-old (aged 75-84), and the old-old (or oldest-old) (aged over 85 years) [25] [26] [27] [28] .
The purpose of this investigation was to examine similarities and differences in pain relief, QoL, and treatmentrelated adverse effects in the older population of a recently completed trial contributing to the assessment of the effect of SFTs in patients with cancer pain [29] . We hypothesized that an appropriate analgesic effect of SFTs for BTcP control in the elderly might be subjected to the patients' age. For this reason, we conducted subgroup analyses in two subsets of individuals: patients aged between 65 and 74 years (low age group) and patients aged 75 years and older (high age group), to investigate the influence of age in BTcP management with SFTs in the elderly population.
Methods

Study Design and Population
This was a multicenter, prospective observation post-authorization, open-label study conducted at nine pain units in Catalonia and the Balearic Islands in Spain between March and December 2013. Study design and eligibility criteria have been previously described in detail elsewhere [29] . Briefly, eligible patients were male and female adult patients with a confirmed diagnosis of cancer who were regularly experiencing episodes of BTcP that were partially relieved [scored ≥ 6 on an 11-point numerical rating scale (NRS)]. The procedure to diagnose BTcP was done following the algorithm of Davies et al. [7] and according to the consensus recommendations from the Spanish Pain Society. The algorithm indicates that baseline pain must be adequately controlled before a diagnosis of BTcP can be considered. Patients were receiving a fixed-dose schedule of opioids equivalent to oral morphine of at least 60 mg/day, or transdermal fentanyl 25 μg/h, oral oxycodone 30 mg/day, oral hydromorphone 8 mg/day, oral oxymorphone 25 mg/day or an equianalgesic dose of any other opioid. Participants were fully informed of the study and provided signed written informed consent. At the initial screening visit, patients provided data on their baseline health, treatment, pain, and QoL. All outcomes were assessed at 3 (visit 1), 7 (visit 2), 15 (visit 3), and 30 days (end of study) after starting the treatment. For each BTcP episode, patients self-administered SFT (Abstral ® , Kyowa Kirin Farmacéutica SLU, Madrid, Spain). The initial dose of SFT was determined by the clinician on the basis of prior treatment for BTcP and with consideration of the opioid dose for background pain. The dose was then titrated up to a successful analgesia (100, 200, 300, 400, 600, 800 μg). Changes in the dose of SFT were recorded throughout the study.
Efficacy and Safety Assessments
The efficacy of SFTs on BTcP was mainly evaluated in terms of pain relief and QoL outcomes. Patients rated their pain intensity (PI) using an 11-point NRS, from 0 (no pain) to 10 (worst pain imaginable). Pain relief was assessed by asking patients to select from a list of time intervals, the 'time to first effect' and the 'time to maximum effect' following the administration of SFT. Additional endpoints were reported by each patient, including number of irruptive pain episodes and duration of each episode at each assessment point. The health status instruments used to evaluate the patients' QoL included the Short Form 12 (version 2) questionnaire [SF12v2], with a physical health composite score (PCS) and a mental health score (MCS) [12, 13] ; and the Hospital Anxiety and Depression Scale (HADS), consisting of seven statements on the anxiety subscale (HADS-A) and seven on the depression subscale (HADS-D) [15] . The participants rated their levels on a 0-3 scoring system, with a range of 0-21 for each subscale (higher scores indicate more severe distress). Scores were classified as follows: 0-7, normal; 8-10, mild; 11-14, moderate; and 15-21, severe anxiety/ depression [30, 31] .
Safety and tolerability were assessed based on patients' and clinicians' reports of adverse events (AEs).
Statistical Analysis
Subgroup analyses were performed according to age (65-74 years versus ≥ 75 years). For each subgroup, demographics and disease-related features were analyzed descriptively using frequencies, means, and standard deviations (SDs), as appropriate. The SF-12 physical and mental health component summary scores (PCS and MCS, respectively) were computed as normalized scores (mean = 50, SD = 10). Statistical analyses were conducted using the Chi square test for categorical data, and the paired two-tailed t test or ANOVA for continuous data; p values < 0.05 were considered statistically significant, with no adjustments for multiplicity. All statistical analyses were performed using SAS statistical software version 9.2 (SAS Institute Inc., Cary, NC, USA).
Results
Details on patient demographics and baseline characteristics of the main study have been previously published [29] . A total of 54 patients were included in the age subgroup analyses performed on the elderly population (mean age 76.7 years; range 65.6-91.7). There were 24 individuals in the low age group (mean age 70.6 years; range 65.6-74.8), and 30 subjects in the high age group (mean age 81.5 years; range 77.7-91.7). Patient demographics for the two subgroups are summarized in Table 1 .
Cancer type and cancer stage according to the two age categories are shown in Table 2 . Breast, prostate, and gastrointestinal cancer were the most common types of cancer. The majority of patients in both groups were diagnosed with locally advanced cancer (58.3% of patients in the low age group and 73.3% of patients in the high age group). The most common BTcP was incidental pain, present in 78.3% of young-old individuals, and 61.5% of subjects aged ≥ 75 years.
Efficacy Endpoints
Mean pain intensity outcomes based on an 11-point numerical scale for both subgroups of patients are shown in Fig. 1 . Levels of PI improved significantly compared with baseline for all assessment points and the two age subgroups (p < 0.05). Differences in PI-start scores at the end of the study versus baseline values were statistically significant in both the low age group and the high age group (30.0% and 27.7% reduction, respectively). Patients even reported a greater level of relief at the end of the BTcP episode (PIend: 54.6% reduction for the young-old patients and 36.5% for the older individuals).
The onset of analgesia at the end of the study began in < 10 min in 85.0% of young-old subjects and in 62.5% of patients aged ≥ 75 years (Fig. 2) , but there were no statistically significant differences between groups.
At baseline, the low age group of patients experienced BTcP episodes that lasted < 15 min in 73.9% of cases, as compared with 44.4% of patients belonging to the high age group (p = 0.03). At the end of the study, a higher number of young-old subjects also experienced BTcP events of shorter duration as compared with older patients (BTcP episodes lasted < 15 min in 75.0% and 58.3% of patients, respectively; p = 0.24).
Overall, the number of BTcP daily episodes remained relatively low throughout the study. Most patients in both groups experienced one to five BTcP daily episodes, at all assessment points. At all visits, 22 patients aged 65-74 years (95.7%) and 24 patients ≥ 75 years (88.9%) reported experiencing one to five pain episodes per day. Thus, a lower number of individuals of the low age group had more than five episodes of BTcP per day as compared with the high age group, although differences were not statistically significant (4.3% vs 11.1%, respectively; p = 0.37). Table 3 shows the mean number of BTcP reported at each visit, that corresponded to the number of irruptive pain episodes experienced by patients since the previous visit. Patients ≥ 75 years old presented a higher mean number of irruptive pain episodes than younger-old patients, at all visit points. However, differences between groups were not statistically significant except for those found at visit 2: 9.83 (± 8.92) versus 19.52 (± 17.69); p = 0.02.
BTcP management with SFT was examined at each visit based on patients' and clinicians' reports. The mean dose of treatment was 450.0 (± 261.12) in the low age group and 352.4 (± 258.11) in the high age group. Same doses of SFT were maintained in most patients throughout the study, although a slightly higher percentage of young-old patients needed either a dose increase or a change of treatment more frequently than older patients. However, differences were not statistically significant between groups (Table 4) .
Quality-of-Life Outcomes
The results of the HADS-D and HADS-A scores and the mental and physical SF-12v2 scores registered at baseline and at the end of the study are presented in Table 5 . Differences between age subgroups were not statistically significant. Scores on HADS-D and HADS-A revealed significant reductions in the levels of depression and anxiety at the end of the study as compared with baseline, in both groups. HADS-D decreased from 10.78 (± 4.33) to 8.21 (± 3.57) in the low age group, and from 10.96 (± 4.26) to 9.36 (± 3.35) in the high age group (p = 0.02). Significant differences in HADS-A scores from baseline to the end of the study were also observed in both subgroups (p < 0.05).
The perceived health status questionnaire SF-12v2 revealed that scores of the mental component summary (MCS) were higher than scores of the physical component summary (PCS) in both subgroups. Patients in the low age group had less favorable MCS and PCS scores than patients in the high age group at the end of the study. However, although no significant differences were found, the two SF12v2 components improved from baseline in both groups.
Safety Endpoints
At baseline, 34.8% of young-old patients and 28.6% of patients ≥ 75 years reported AEs related to their treatment. At the end of the study, these percentages were lower in the low age group (10.0% of patients), and remained almost the same in the high age group (29.2% of patients). Differences in number of treatment-related AEs between groups were not statistically significant at any visit time (p > 0.05) nor at the end of the study as compared with baseline (p = 0.11). The most commonly reported AEs included nausea, vomiting, constipation, somnolence, and skin disorders, and they were generally mild to moderate in severity.
Discussion
The prevalence of BTcP in patients with cancer still remains a primary challenge in the integral management of cancer patients, particularly in the elderly [12, 32] . However, it is generally agreed that there is a need for more information regarding the use of opioids for BTcP in older individuals [33] .
In this study, we performed a subgroup analysis of a multicenter, prospective study to evaluate possible differences in efficacy and safety of SFTs for BTcP among the elderly population, according to two age categories: patients aged between 65 and 74 years (low age group) and patients aged 75 years and over (high age group). Given the potential variations in health status with age, we expected responses to BTcP treatment were likely to be heterogeneous among older patients.
The results showed that SFTs provided a clinically meaningful pain relief in both age subgroups. Consequently, we can conclude that treatment with SFTs was significantly effective in reducing pain intensity in elderly patients. Although differences were not statistically significant, young-old patients experienced greater pain improvement. In addition, a short time to onset of pain relief (< 10 min) was observed in the majority of patients. Again, although differences were not significant, the low age group underwent more rapid pain relief in a higher percentage of patients. These outcomes are in accordance with previous investigations that suggested that aging has an influence on the response to the opioid used to treat BTcP [34, 35] .
With regard to the number of daily pain episodes, around 96% and 89% of patients aged 65-74 years and ≥ 75 years, respectively, reported experiencing fewer than five pain flares per day. The frequency of BTcP episodes has implications for treatment since the products available should only be used for up to four daily episodes. Usually, the adequacy of the background medication for persistent pain needs to be reevaluated if the patient consistently experiences more than four episodes a day [36] . Our results indicate that the dose of SFTs was successfully titrated to achieve adequate relief from pain in the vast majority of patients. Interestingly, despite young-old subjects experiencing a smaller number of irruptive pain episodes than patients aged ≥ 75 years, they needed either a dose increase or a change of treatment more frequently than older patients. Although differences were not significant, these results outline one of the biggest challenges in cancer pain management, which is that most older patients usually perceive pain as a normal part of aging and they tend to be more satisfied with their pain treatment as they grow older [21] . These perceptions may have interfered with both the assessment and management of pain and could explain the differences observed between age groups in terms of treatment adjustment.
In addition to the positive results observed for the pain decrease, patients achieved meaningful improvements in QoL according to HADS-D and HADS-A scores, which revealed significant reductions in the levels of depression and anxiety at the end of the study compared with baseline in both age groups. Scores obtained with the SF-12v2 questionnaire did reflect the same tendency on both mental and physical health components, although the results were less conclusive.
The safety outcomes showed that SFTs were generally well tolerated in both groups, as the number of AEs was reasonable and AEs were mostly mild and moderate in intensity. The incidence of AEs was lower for patients in the low age group than for older patients (10.0% vs 29.2%, p > 0.05). These results suggest that AEs increase as aging progresses, probably due to multimorbidity, polypharmacy, and pathophysiologic changes [37] . Nonetheless, more evidence is needed to confirm these conclusions and also on how to best make treatment decisions for older cancer patients whose health status is often complicated not only by the presence of comorbidities but also by factors such as frailty, which should also be taken into account to overcome the issue of under-treatment due to health perception based on age alone [38, 39] .
There are some limitations to our analysis that should be considered when interpreting these results. First, the small sample size included in the analysis implies a low statistical power to detect meaningful differences between age subgroups. Another weakness of this study is the patients' subjective self-report of pain and well-being, which can be influenced by a variety of psychosocial factors. Therefore, outcomes should be interpreted with caution unless there is strong supporting evidence. Indeed, the clinical implications of these findings await validation in large, confirmatory studies to identify age subgroup divergences among elderly cancer patients treated with SFTs, and to obtain accurate drug safety data to enable more rational therapeutic decisions. The present results are best viewed as a hypothesis-generation investigation. Despite these limitations, the findings of this study provide valuable information for the management of BTcP with SFTs in the elderly. To the best of our knowledge, this is the first analysis that specifically investigated the age-based disparities among the elderly in the treatment of BTcP with SFTs in terms of pain relief, QoL, and safety.
Conclusions
The results of this study indicate that SFTs are well tolerated and effective in controlling BTcP in elderly patients of all ages. Nevertheless, findings underscore the need for additional research on BTcP treatment in geriatric oncology patients, since the treatment of older adults with pain is complex and is affected by age-related changes.
